The chloroform/methanol extract of the red alga, Laurencia papillosa, collected from the Red Sea in Saudi Arabia, was found to contain two cholestane derivatives: 3α, 6α-dihydroxy-5β-cholestan-12-one (1) and the known, 6β-hydroxycholest-4-en-3-one (2), which was isolated separately in a pure form for the first time. In addition to these compounds, a new aldehyde derivative, (E)-2-{(E) tridec-2-en-2-yl} heptadec-2-enal (3), was isolated. The structures of all compounds were established based on extensive spectroscopic (1D and 2D NMR, UV, IR) and mass spectrometric studies. All compounds, except 2, were tested for their antifungal activity. Significant activities were associated with 1 and 3 against Candida albicans, Aspergillus fumigatus, and A. flavus.
The molecular formula of 1 was established as C 27 [M+Na] + ). The 13 C NMR spectra ( 1 H decoupled and DEPT) of 1 showed 27 resonances attributable to 5 X CH 3 , 10 X CH 2 , 9 X CH, and 3 X C ( Table 1) . One of the five elements of unsaturation, as indicated by the molecular formula of 1, deduced to be a carbonyl group, appeared at δ c 212.8 with the absence of any olefinic proton or any double bond signal. The IR spectrum showed a ν(C-H) Aliphatic vibration band at 2930 cm -1 . The spectrum also displayed two strong bands at 3450 and 1706 cm -1 assigned to ν(OH) and a six membered ring ν(C=O) [4c], respectively; the molecule thus has four rings. As the 1 H and 13 C NMR spectroscopic data enabled all but two of the hydrogen atoms within 1 to be accounted for, it was evident that the remaining two protons were present as part of a hydroxyl function, After association of all the protons with directly bonded carbons via 2D NMR (HMQC) Long-range C-H correlations observed between the resonances of H-9 and those of C-1, C-5, C-7, C-8 and C-10; between H 2 -1 and C-2, C-3, C-5, C-9 and C-19; between H-3 and C-1 and C-5; between H-6 and C-8 and C-10 established that rings A and B were fused together. In the 1 H-1 H COSY spectrum of 1, a 1 H-1 H spin system between H 2 -11 and H-9 indicated that C-11 was attached to C-9. A CH long-range coupling between H-9 and C-8, C-10, C-11, C-14 and C-19 were observed. HMBC correlations, this time between H-14 and C-8, C-13, C-15, and C-18, between H 3 -18 and C-12, C-13, C-14, and C-17 were observed. Long-range C-H correlations observed between the resonances of C-12 and H 2 -11, H-14 were observed. Ring C was established by deduction through the previous data. , which led to establishing the side chain as an iso-octane derivative. This side chain is attached to the steroidal nucleus between C-17 and C-20 based on HMBC correlations between H 3 -21 and C-17, C-20 and C-22. A proton at δ 4.18 appears as a multiplet at position 3, with equatorial orientation (hydroxyl group occupies α-position). The proton at δ 3.61, appearing as a double doublet, with J values of 12 and 1.8 Hz, was located at position 6 with axial orientation (OH-6 occupies αorientation). The weak or zero chemical shift effect of the hydroxyl group located at C-6 on Me-19 at δ 0.74 is further evidence for the α-position of OH-6. The proton at position 5 was found to have a β-orientation, owing to the signal at δ 1.64 (brs) which implies an equatorial orientation for H-5. The configuration of the OH at C-6 is equatorial downward, a deduction which led to the axial orientation of H-5. The cis-junction between rings A and B is responsible for the strain on both rings. On this basis, the chemical shifts of C-1 and C-11 appeared more downfield than the normal values. The configuration of 3-OH is alpha based on the 13 C chemical shift (δ 65.4) [5a] . The 13 C chemical shifts of C-1 and C-11 are downfield from the normal ones, based on the strain that appears to be due to the cis-junction between rings A and B. Also the α-OH located at C-6 was confirmed by the correlation between H-8 and C-6, which is in good agreement with the 13 C chemical shift of C-6 (δ 73.9) [5a,5b] . A literature survey indicated that 1 is a new cholestanone derivative and was named as 6α-dihydroxy-5β-cholestan-12-one.
The structure of 2 was based on the molecular formula of C 27 H 44 O 2 , which was abstracted from the EI-MS: m/z 400 [C 27 H 44 O 2 ] + and 382 [M-H 2 O] + . After extensive study of the 1 H and 13 C NMR spectral data of 2 (see experimental part), it was clear that these matched those published for the steroidal derivative; 6β-hydroxycholest-4-en-3-one, isolated from the red alga Hypnea musciformis as non solvable mixture with 6β-hydroxycholest-4, 22-dien-3-one [6a] . A computer survey, including Science Finder, indicated that 2 is published here for the first time in a pure form, and the complete physical properties are presented.
Compound 3 had the molecular formula C 30 H 56 O, derived from the high-resolution mass measurement of the parent ion, which implied three degrees of unsaturation. The IR bands at 2730, 1680 and 1640 ν max were characteristic of an α, β-unsaturated aldehyde. This conjugation was supported by the 1 H NMR spectrum, which showed an aldehyde proton at δ9.32 and one vinyl proton at δ 6.44 (H-3, t, J= 7 Hz). 1 H NMR spectral data also revealed the presence of an olefinic proton at δ 5.33 (H-2', m), two primary methyls at δ 0.88 (6 H, t, J= 6.6 Hz), four methylene protons at δ 2.20-2.35 (4 H, m, 4, 3'), four methylene protons at δ 1.50 (4H, m, 5, 4'), olefinic methyl protons at δ 1.61 (3 H, m), and a huge methylene envelope at δ 1.27 (cf Experimental). The 13 C NMR and DEPT spectral data of 3 were supportive of the above analysis, showing an aldehyde group at δ c 195.4 (C-1, s), two double bonds [δ c 143.7 (C-2, s), 155.5 (C-3, d), 129.6 (C-1', s), 130.1 (C-2', d)], aliphatic methylene carbons at δ c 23.0-31.0, two methyls at δ c 14.2, and an olefinic methyl at δ c 22.0. Thus, three degrees of unsaturation were accounted for as an aldehydic group and two double bonds, which are trans oriented owing to the values of the P. 13 Cholestane and aldehyde derivatives from Laurencia papillosa Natural Product Communications Vol. 6 (12) 2011 1823 chemical shifts of the allylic methylene at δ c > 30, and the J values, which are similar to those published [6b]. Hence 1, had an acyclic α, β-unsaturated aldehyde with two fatty acid chains terminating at methyl groups, in which the length of both chains was determined by MS, and 1 H and 13 C NMR spectra. The structure connectivity of 3 was concluded by interpretation of its 1 H-1 H COSY cross peaks, which showed that H-3 at δ 6.44 correlated with H 2 -4 at δ 2.35; H-2' at δ 5.33 correlated with H 2 -3' at δ 2.22; there was no observed correlation between H-3 and H-2'. The structure was unambiguously indicated as 3 by studying the HMBC spectrum in which H-1, resonating at δ 9.32, correlates with C-2 at δ c 143.7, C-3 at δ c 155.5 and C-1' at δ c 129.6; also the olefinic proton H 1 -3, resonating at δ c 6.44, correlates with C-2 and C-4 at δ c 31.0; the CH 3 protons resonating at δ H 1.60 correlate with both C-1', C-2 and C-2' at δ c 130.1. The above correlations denoted that the CHO group is connected to the quaternary carbon C-2, (δ c 143.7, which in turn is connected to both C-3 and C-1', and the olefinic methyl is attached to C-1'; other correlations are shown in figure 2. From the above, compound 3 was assigned the structure (E)-2-((E) tridec-2en-2-yl) heptadec-2-enal. The antifungal activity of all compounds, except 2, was assessed using the microtiter broth dilution method for yeast susceptibility testing. Compound 1 had significant activity against Candida albicans with a MIC of 2000 µg/mL. Although 1 showed no activity against A. fumigatus and A. flavus, 3 had significant activity against these with MIC of 200 and 1000 µg/mL, respectively. The positive control, ketoconazole, showed potent activity against C. albicans and A. fumigatus with a MIC of 40 µg/mL, and 625µg/mL towards A. flavus.
Experimental
General: Optical rotations, ATAGO POLAX-L 2 polarimeter; GC/MS, Shimadzu-QP 2010 spectrometer; TLC was performed on silica gel (Kieselgel 60, F 254 ) of 0.25 mm layer thickness. Compounds were detected by using ethanol /sulfuric acid as spray reagent. 
Extraction and isolation:
The air dried algal material (200 g) was extracted with equal volumes of a mixture of light petroleum, chloroform and methanol (2 X 6 L, 24 h for each batch) at room temperature. The extract was concentrated under reduced pressure to obtain 6 g residue. The residue (6 g) was homogenized with a small amount of silica gel (50 g) and poured onto the top of the column that was packed in light petroleum (40-60°C). The fractions were collected (50 mL each) employing a gradient elution from light petroleum to diethyl ether and from diethyl ether to ethyl acetate. The similar fractions were pooled together according to TLC pattern into three pools (P-A, P-B and P-C), employing 50%-sulfuric acid in methanol as spraying reagent. P-A was purified by PTLC-Silica gel, using light petroleum-diethyl ether (9:1), yielded 3. P-B was purified by PTLC-Silica gel, using benzene: ethyl acetate (4:1) to give 2. Finally, P-C was purified by PTLC-Silica gel, using benzene-ethyl acetate (5: 2) and re-chromatographed on Sephadex LH-20 using a mixture of MeOH-CHCl 3 (8:2), and finally purified by preparative TLC-silica gel employing benzene-ethyl acetate (6: 4), yielded 1. 
